The early-life period is extremely vulnerable to programming effects from the environment, many of which persist into adulthood. We have previously demonstrated that adult rats overfed as neonates have hypothalamic microglia that are hyper-responsive to an immune challenge, as well as hippocampal microglia that respond less efficiently to learning. We therefore hypothesised that neonatal overfeeding would alter the ability of hippocampal microglia to respond to an immune challenge with lipopolysaccharide (LPS) and that concomitant minocycline, a tetracycline antibiotic that suppresses microglial activity, could restore these responses. We induced neonatal overfeeding by manipulating the litter sizes in which Wistar rat pups were raised, so the pups were suckled in litters of four (neonatally overfed) or 12 (control-fed). We then examined the hippocampal microglial profiles 24 hour after an immune challenge with LPS and found that the neonatally overfed rats had dramatically increased microglial numbers in the hippocampus after immune challenge compared to control-fed rats. Attempts to reverse these effects with minocycline revealed repeated that neonatal injections, whether with minocycline or with saline, markedly suppressed microglial number and density throughout the hippocampus and abolished the difference between the groups in their responses to LPS. These data suggest that neonatal overfeeding not only can have lasting effects on hippocampal immune responses, but also that neonatal exposure to a protocol of repeated injections, irrespective of treatment, has a pronounced long-term impact, highlighting the importance of considering these effects when interpreting experimental data.
| INTRODUCTION
Early-life diet in children and animals can strongly influence body weight long-term. [1] [2] [3] [4] [5] As such, children and rodents that overeat or have poor diet during vulnerable windows of development are at significant risk of long-term obesity and the myriad associated comorbidities that ensue. 6 For example, rodents suckled in small litters, where they have greater access to their mother's milk compared to controls, have accelerated growth and weight gain early on; this excess weight and body fat persists at least to young adulthood. 5, [7] [8] [9] In addition to metabolic dysfunction, 7, 10, 11 hypothalamic-pituitary-adrenal (HPA) axis dysfunction, 12, 13 reproductive problems, 14 and other complications, neonatal overfeeding leads to a potentiated febrile response, 15 as well as hypersensitivity or "priming" of hypothalamic microglia, one of the major immune cell populations in the brain. 5 Hypothalamic microglia in the neonatally overfed are increased in number and density under basal conditions, reflective of a pro-inflammatory, hyper-activated profile. They also hyper-respond to stimulation with lipopolysaccharide (LPS) and this is associated with elevated circulating cytokines, 5 suggesting that neonatal overfeeding leads to an increased response to immune challenge.
This programming effect of early-life diet on microglia extends beyond the hypothalamus; microglia are also increased in density in the hippocampus in adults that have been overfed as neonates. 16 Similarly, recent studies have shown a primed hippocampal microglial profile in adult offspring from high-saturated-fat diet-fed dams.
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Performance in hippocampally-mediated learning tasks is less efficient in these rats 4, 17 and it appears that microglia in neonatally overfed rats are less responsive to a learning task compared to those in control-fed rats. 16 Microglia have region-specific heterogeneity with different responses to stimuli in different brain regions. [18] [19] [20] [21] However, given that neonatally overfed rats have a primed microglial profile under basal conditions in both the hypothalamus and hippocampus, and noting the integral role of the hippocampus in responding to immune challenge, 22, 23 we hypothesised that hippocampal microglia from neonatally overfed rats would be hyper-activated in response to LPS, leading to an altered ability to respond to the immune challenge.
We therefore tested hippocampal microglial responses to LPS both in vitro and in vivo in rats that had been suckled in small litters (neonatally overfed; SL) compared to those that had been suckled in normalsized litters (control-fed; CL). To restore normal hippocampal microglial responses, we then attempted to suppress microglial activation during the neonatal period with the second-generation antibiotic, minocycline. 24 Minocycline easily crosses the blood-brain after systemic administration 25, 26 and is a known inhibitor of microglial activation. 27, 28 Minocycline has been shown to successfully ameliorate neuroinflammation at the site of hypoxic-ischaemic insult in neonatal rodent studies. [28] [29] [30] [31] [32] Unexpectedly, we found that the injection protocol, even in the saline-treated rats, markedly suppressed microglial number and density throughout the hippocampus. It also reversed the effects of neonatal overfeeding on microglia. There was no additional effect of minocycline. Our outcomes have significant implications for future study designs and also suggest that the negative effects of neonatal overfeeding, on at least microglial responsiveness, may be mitigated by neonatal experience.
| MATERIALS AND METHODS

| Animals
We obtained timed pregnant Wistar rats from the Animal Resources Centre (Murdoch, WA, Australia). On arrival at the RMIT University
Animal Facility at gestational day 16, we singly-housed the dams at 22°C under a 12:12 hour light/dark cycle (lights on 07.00 hours) and provided them with ad lib. pelleted rat chow and water. All procedures were conducted in accordance with the National Health and
Medical Research Council Australia Code of Practice for the Care of
Experimental Animals, and experiments were approved by the RMIT University Animal Ethics Committee.
| Litter manipulation and minocycline treatment
On the day of birth (postnatal day 0; P0), we removed all pups from their dams and randomly reallocated them to new dams in litters of 12
(CL) or four (SL), as described previously. 2, 5, 11, 15 Dams did not receive any of their own pups and each new litter was made up of 50% males and 50% females. Excess pups were killed by decapitation. We have previously shown that this manipulation results in the neonatally overfed pups being significantly heavier by P7 and throughout life. 2, 5, 11, 15 We have previously reported weight data from this cohort of rats and have analysed their HPA axis responses to an immune challenge.
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At P0, control-fed and neonatally overfed pups were allocated to either a 3-week treatment regimen or were untreated, except for the litter size manipulation, until experimentation in adulthood; approximately P70 (Figure 1 ). For the neonatal treatment, we administered either minocycline (22.5 mg kg -1 i.p. in saline, 100 μL) or vehicle (saline, 100 μL) once every second day during the 3-week suckling period starting on P1 to control-fed and neonatally overfed pups
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( Figure 1B ). Each litter had equal numbers of minocycline and salinetreated pups. To administer the minocycline (or vehicle), we removed the entire litter of pups from the dam, completed the injections, then returned the whole litter unit to the dam. Each pup was handled for approximately 10 seconds on each injection day and was separated from the dam for a maximum of 10 minutes. We refer to this treatment throughout the present study as the injection protocol.
The pups were separated into same-sex littermate pairs upon weaning at P21 and left undisturbed until experimentation, except for the usual animal husbandry. We used only males in these experiments; females were kept for use in other studies. For these experiments, we used 136 rats. No more than two rats per litter were used per experimental group. 34 Numbers are as indicated in the results. We performed all adult experiments between 09.00 and 13.00 hours to avoid the potential influence of circadian rhythms.
| Hippocampal microglial responses to immune challenge
To determine whether hippocampal microglia are more susceptible to an immune challenge in neonatally overfed animals, we gave adult (P70) control-fed and neonatally overfed rats an i.p. injection of LPS (100 μg kg -1 mL -1 ; Escherichia coli, serotype 0.127:B8; L-3129; SigmaAldrich, St Louis, MO, USA) or pyrogen-free saline, 24 hour prior to killing ( Figure 1A ).
At 24 hours after LPS injection, we deeply anaesthetised the rats with sodium pentobarbital (approximately 150 mg kg mL -1 , i.p.). We then transcardially perfused the rats with phosphate-buffered saline (PBS) (4°C, pH 7.4), followed by 4% paraformaldehyde in PBS (4°C, pH 7.4). We then removed the brains and post-fixed them for 24 hours in the same fixative before placing them in 20% sucrose in PBS (4°C).
Forebrains were cut into 30 μm-thick coronal sections using a cryostat. Sections were serially cut into a one-in-five series and stored at 4°C until use for immunohistochemistry.
For immunohistochemistry, sections through the hippocampus were immunolabelled for ionised calcium-binding adapter molecule-1 (Iba-1; expressed on microglia). Iba1 is a commonly used marker for identification of microglia. [35] [36] [37] Vector). To visualise the HRP activity, the sections were incubated in diaminobenzidine, observable as amber staining. The reactions were stopped when the contrast between specific cellular and nonspecific background labelling was optimal. Sections were mounted and air-dried, dehydrated in a series of alcohols, cleared in histolene and coverslipped.
Hippocampal sections were assessed by an experimenter who was blind to the treatment conditions for differences in the number of cells
with Iba-1 labelling and in the density of Iba-1 labelling, as described previously. 40, 41 Briefly, we used the thresholding method on photomicrograph images imported into imagej (National Institutes of Health, Bethesda, MD, USA). For the hippocampus, we analysed four sections 120 μm apart between 2.52 and 4.56 mm caudal to bregma per animal. We saw no differences between the rostrocaudal levels for any of the regions, and so we took the sum counts and mean density of the four images as our sampled result. We report the analysis from several subfields of the hippocampus because there are regional differences in microglial distribution between these regions, with the microglial density in the CA3 region being lower than in the CA1 region and the dentate gyrus (DG). This heterogeneous distribution may participate in the modulation of hippocampal activity. 
| Microglial cell isolation and in vitro immune stimulation
To assess microglial responsiveness in vitro, we killed a cohort of otherwise untreated control-fed and neonatally overfed rats in early adulthood (P70) with a lethal dose of sodium pentobarbital ( Figure 1A ). at a concentration of either 10 or 100 ng mL -1 , or media alone 45 for 4 hours at 37°C and 5% CO 2 . At the end of incubation, 100 μL of media was collected, centrifuged at 1500 rpm for 1 minute at RT, and kept frozen for cytokine analysis.
To assess changes in LPS-stimulated hippocampal microglia, cultured supernatant fluids were analysed for two pro-inflammatory cytokines, interleukin (IL)-6 and tumor necrosis factor (TNF)-α, in a simultaneous, multiplexed format using a Bio-Plex Pro rat cytokine assay. All procedures were carried out in accordance with the recommended procedure (Bio-Plex Pro Array System; Bio-Rad Laboratories Inc., Hercules, CA, USA). The data were analysed using bio-plex manager, version 6.1 (Bio-Rad).
| Assessment of body fat composition via echo magnetic resonance imaging in adult neonatally injected rats
One week prior to killing, a cohort of adult (P63) control-fed and neonatally overfed rats that had been treated as neonates with minocycline or saline underwent a magnetic resonance imaging scan to assess fat and lean mass ( Figure 1B ). Rats were briefly restrained for the duration of the 90 second scan.
| Effects of minocycline on adult microglia and central susceptibility to LPS
To determine whether the increased microglial activation after LPS in adult rats that had been overfed as neonates could be reversed by neonatal microglial inactivation with minocycline, we also examined immunohistochemical responses to LPS (as described above) ( Figure 1B ).
We assessed this in a cohort of adult control-fed and neonatally overfed rats that had been treated as neonates with minocycline or saline (as described above).
| Assessment of plasma corticosterone
To assess basal HPA axis function in adults that had been overfed as neonates, versus control-fed, and either not injected ( Figure 1A ) or given the injection protocol (saline) ( Figure 1B ), we measured plasma corticosterone concentrations. We used a standard rat corticosterone enzyme-linked immunosorbennt assay (Abnova Corp., Taipei, Taiwan).
The inter-assay variability for this assay was 7.2% coefficient of variation (CV), intra-assay variability was 4.8% CV and the lower limit of detection was 40 pg mL -1 . We assayed samples from all treatment groups together in duplicate.
| Statistical analysis
Data were analysed by spss (IBM Corp., Armonk, NY, USA) using multifactorial analyses of variance (ANOVAs) with Tukey's post-hoc tests where significant interactions were found. We analysed weight data using repeated measures ANOVA. Data are the mean±SEM. P < .05
was considered statistically significant.
| RESULTS
| Neonatal overfeeding increases the microglial response to LPS in adults
Neonatal overfeeding increased susceptibility to the central effects of an immune challenge in the CA3 and CA1 regions of the hippocampus 24 hours after i.p. LPS ( Figure 2A -E); however, there were no differences in density. Thus, after LPS injection, the numbers of microglia were significantly higher in the CA3 region in neonatally overfed than control-fed rats and they were also significantly elevated after LPS compared to saline-treated animals (significant effect of litter size: F 1,36 = 12.28, P = .001; significant effect of LPS: ( Figure 2G ) and subgranular/granular (significant effect of litter size: Figure 2I ) regions of the DG but not in the molecular region of the DG ( Figure 2K ).
Additionally, in the DG, the previously reported finding that density was increased in neonatally overfed rats with respect to controlfed rats under basal and LPS-stimulated conditions 16 
| Neonatal overfeeding does not affect microglial sensitivity to an LPS challenge in vitro
Because our in vivo studies had revealed that the hippocampus (or at least the CA3 and CA1 regions) was more sensitive to the effects of LPS on microglia in neonatally overfed than control-fed rats, we next aimed to determine whether this was an effect specific to microglia.
We thus examined specific microglial responses to LPS by stimulating them in isolation.
Quantitation of cells positively labelled for CD11b and CD45
confirmed that there were no differences in the expression of either marker between the groups, indicating that our isolation protocol was equally effective in both the neonatally overfed and control-fed rats ( Figure 3A ). For both TNF-α and IL-6, there was a significant effect of treatment with LPS. It was found that 100 ng mL -1 LPS significantly increased TNF-α (F 2,39 = 13.32, P < .001; n = 8) ( Figure 3B ) in neonatally overfed rats only compared to no LPS and significantly increased IL-6
(F 2,39 = 44.78, P < .001) ( Figure 3C ) in control-fed and neonatally overfed rats compared to no LPS. There were no significant differences between the control-fed and neonatally overfed groups, indicating that microglial sensitivity to LPS in vitro was not affected by neonatal overfeeding and also suggesting that the response is potentially modulated by other cell types.
| Neonatal overfeeding and effects of minocycline
Although we did not observe in vitro differences between the microglial responses of the neonatally overfed and control-fed rats in adulthood, our in vivo results showed that microglial responses to an immune challenge in adults are increased in these animals relative to control-fed responses. We thus aimed to reverse or mitigate the longterm effects of neonatal overfeeding on microglial responses by inhibiting microglial activation concomitant with overfeeding.
The course of minocycline injections had no immediate effect on neonatal weight (significant time by litter size effect: F 3,108 = 107.54, P < .001; n = 16-18) ( Figure 4A ) with both groups of neonatally overfed rats weighing more than control-fed rats at P14 and P21. The weight difference in adulthood between control-fed and neonatally overfed rats was also maintained, and even slightly increased, after minocycline injections (significant effect of litter size: F 1,60 = 25.41, P < .001; significant effect of treatment: F 1,60 = 9.33, P = .003) ( Figure 4B ). 
| Neonatal injection protocol markedly reduces microglial number and density, with no additional effect of minocycline
We hypothesised that the altered microglial profile previously seen in the neonatally overfed rats 16 would be suppressed to that of controlfed levels with minocycline administered during the suckling period.
We therefore analysed hippocampal microglia from rats that were repeatedly injected with either saline or minocycline during the preweaning period. Unexpectedly, we found no effect of minocycline; moreover, our finding (previously observed in two separate experiments 16 and here) that neonatal overfeeding-induced increases in hippocampal microglia number and density was no longer evident in this cohort (n = 7-9) ( Figure 5 ). In the CA3 region, there was a main effect of immune challenge on the number of microglia (significant effect of immune challenge: F 1,54 = 12.312, P = .01) ( Figure 5A ) but no effect on density ( Figure 5B ). In the CA1 region, there was a significant interaction between litter size and immune challenge on microglial density (F 1,54 = 4.576, P = .037) ( Figure 5F ) but no specific effects of neonatal overfeeding with post-hoc comparisons. Neonatal overfeeding did not affect the number of microglia in the hilus region of the DG ( Figure 5G) ; however, it suppressed the density of microglia overall (significant interaction between litter size and minocycline injection: 
given LPS as adults. (CL nSal/aLPS). In the subgranular/granular zone, there was an interaction between litter size, minocycline-injection and immune challenge (F 1,57 = 4.049, P = .049) ( Figure 5J ) on microglia density; however, there were no effects with post-hoc analysis.
We also found no of any of the treatments the number of microglia Interestingly, the neonatal injection protocol, regardless of whether with minocycline or with saline, appeared to significantly suppress microglial number and density in all groups. Figure 6 illustrates the data shown in Figure 5 superimposed on those from the experiment shown in Figure 2 . Data from Figure 2 show high numerical similarity with data that we have reported previously. 16 Given the apparent effect of the neonatal treatment regimen, we re-processed the hippocampal tissue from our previously published animals 49 to confirm the results were not simply because of tissue processing or the age of the tissue/ duration of storage. Microglial number and density were no different from the published data and the findings indicated in Figure 2 (data not shown).
To statistically compare the effects of the neonatal injection protocol and neonatal overfeeding alone, we examined an additional cohort of control-fed and neonatally injected rats that had been processed at the same time as our minocycline cohort, although for a different study ( Figure 1C ). These were not otherwise handled, except for the usual husbandry and weekly weighing during the neonatal period. The non-injected animals (CL and SL non-injected) showed the same microglial profiles as reported previously. The neonatally overfed animals that were not injected (SL non-injected) during the suckling period
showed an increased microglial density in the hilus region of the DG compared to the control-fed (CL non-injected) and neonatally over- Figure 8D) ]. Together, these data suggest that our neonatal injection protocol caused a generalised suppression of microglial activity that was able to over-ride any effects of neonatal overfeeding to increase the numbers of these cells, with no additional effect of minocycline.
| Neonatal injection protocol increases basal corticosterone concentrations in neonatally overfed offspring
To determine whether the generalised suppression of microglial activity is a result of the neonatal injection protocol causing a long-term upregulation in HPA axis activity or basal glucocorticoid secretion, we assessed basal corticosterone concentrations. We saw no basal corticosterone differences between the non-injected neonatally overfed and control-fed adult rats 24 hours after saline injection ( Figure 9) and saline-injected control-fed (CL nSal/aSal) corticosterone concentrations were not significantly different from those of non-injected animals. Basal corticosterone levels were elevated in neonatally overfed rats that were saline injected (SL nSal/aSal) during the suckling period compared to both the neonatally overfed non-injected (SL ( Figure 9 ). However, this is unlikely to account for our microglial findings because the control-fed rats were not similarly affected.
| DISCUSSION
The present study is the first to show that neonatal overfeeding in- lial profile in the hypothalamus during adulthood. 5, 49 We have also previously shown that adult neonatally overfed animals have dramatically increased microglial numbers in the PVN 24 hours after an LPS challenge. 5 This microglial programming in adults that were overfed as neonates extends beyond the hypothalamus into the hippocampus.
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In the present study, we demonstrate that adult neonatally overfed rats have increased microglial numbers in the CA3 in response to an LPS challenge compared to control-fed rats. Other early-life manipulations can lead to similar hyper-responsive microglia. A peripheral immune challenge with E. coli or LPS in early life results in increased microglial numbers and an activated phenotype in the adult brain.
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Similarly, a maternal high-fat diet predisposes the offspring to an increase in hippocampal expression of microglial activation markers at birth, as well as increased microglial activation both basally and in response to an LPS challenge in adulthood. 4 It should be noted that previous studies have used number and density of Iba-1 stained cells to provide an index of microglial activation states. To our knowledge, this is the first study to demonstrate that repeated injections during the suckling period suppress the number and density of microglia in the hippocampus in adulthood. However, other early-life treatments can have similar effects on microglia.
57,58
Handling refers to neonatal rats being exposed to short periods of 62 therefore, it is possible that an additional increase in microglia occurrs in these neonatally overfed pups during the suckling period, dissipating after weaning, which affects normal feeding-and metabolism-related signalling compared to control-fed rats.
Under normal physiological conditions, corticosterone is considered to be anti-inflammatory. However, stressful stimuli can sensitise central pro-inflammatory responses and the activation of microglia.
To determine whether the repeated neonatal injections effects on microglia were associated with long-term changes to the HPA axis, we measured basal circulating corticosterone in neonatally non-injected and injected (saline) adult rats. The findings of the present study are consistent with previous studies from our group showing that corticosterone levels in non-injected neonatally overfed rats are not significantly different from non-injected control-fed rats. 2,15,33 Surprisingly, we found that the neonatally overfed animals undergoing repeated neonatal injections had significantly increased basal corticosterone levels compared to the non-injected equivalent and this difference was not seen in the neonatally injected control-fed animals. Repeated neonatal injections induced a potentiated corticosterone response in animals that were overfed during development, which could suggest that the HPA axis in these animals is sensitised.
Previous literature provides confounding evidence concerning the effects of maternal separation of pups during development on basal corticosterone; however, this is likely a result of the different separation protocols. In adulthood, animals that were handled during the suckling period display a reduction in plasma corticosterone concentrations. 57, 63, 64 However, a longer period of maternal separation during this developmental period (180 minutes per day) increases basal corticosterone concentrations. [65] [66] [67] [68] [69] [70] [71] Interestingly, Llorente et al.
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have also reported findings similar to those of the present study, whereby a neonatal injection period between P7 and P12 increases basal corticosterone compared to non-injected rats.
The neonatal litter size manipulation model undoubtedly has elements incidental to feeding that may influence physiology longterm. 5, 73 However, these do not provide a simple explanation for our findings. For example, Weaver et al. 74 have that high intensity maternal care suppresses HPA axis responses to stress throughout life via maternal contact-mediated changes in histone acetylation and NGF1-A binding to the glucocorticoid receptor promoter to increase expression of this receptor and enhance the efficiency of glucocorticoid negative-feedback. Dams will spend approximately the same time in high intensity nursing and grooming behaviours irrespective of the size of the litter; therefore, more attention would be imparted to each of the neonatally overfed pups than to the control-fed pups. [75] [76] [77] Thus, those from the neonatally overfed group would be anticipated to have suppressed HPA axis responses to stress and perhaps reduced basal circulating corticosterone, which is the opposite profile to that observed in the present study. Likewise, neonatal overfeeding can induce changes in circulating satiety hormones such as ghrelin that have a role in stress regulation. 78, 79 However, this effect on the role of ghrelin in stress regulation appears to be exclusive to females despite persistent changes in other functions of this hormone in males.
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Thus, we currently do not have an explanation for why basal corticosterone is elevated in the neonatally overfed animals that have received the neonatal injection protocol but not in the other groups.
In the present study, we aimed to test the effects of neonatal minocycline, a known microglial inhibitor, 28 on the hippocampal microglial profile both under basal conditions and after an LPS challenge. We hypothesised that a minocycline regimen during the suckling period would attenuate the increased microglial response to an LPS challenge in our adult neonatally overfed rats. Neonatal minocycline had no effect on the number or density of microglia in adulthood, regardless of whether the rats were exposed to LPS or not. The results from the minocycline aspect of this experiment were inconclusive because of the over-riding effect of the repeated injection regimen itself. Ideally, an alternative form of drug administration would need to be adopted to gain a conclusive result regarding whether minocycline administration could reduce microglial activation after neonatal overfeeding. Our treatment regimen was based on studies of hypoxia-ischaemia showing that this dose, when administered via i.p. injection, could successfully ameliorate neuroinflammation at the site of hypoxic-ischaemic insult. 24 A common alternative form of minocycline administration is via oral administration from drinking water. 81, 82 However, the delivery of drugs via the voluntary consumption of water does not take into consideration the individual variability in the amount of water consumed.
Additionally, the drug must be able to accumulate in the dam's milk to enable delivery to the suckling pups and may therefore not be reliably delivered to each pup at the same dose. 83 Importantly, the nature of our model where the neonatally overfed pups consume more milk from the dams means that the neonatally overfed pups would unavoidably receive more minocycline. Alternatively, drug delivery could be achieved via oral gavage of the drug into either the pharynx or the oesophagus, which would give exact concentrations of minocycline. 83, 84 Previous studies recommend that oral gavage commences after P4 to reduce damage to the tissue. 84 We needed to begin our regimen following litter manipulation in an attempt to prevent the early effects on microglia; therefore, this technique
would not be suitable. This process is also stressful to the pups and involves removing the litter and handling them, therefore likely providing the same result as reported in the present study in terms of a reduction in microglia despite early-life overfeeding. Thus, the effect of reversing microglial priming during neonatal overfeeding remains untested, although our experiments reveal important effects of repeated injections in the neonatal period.
In summary, we have shown that neonatal overfeeding leads to a hyper-responsive basal microglial profile in the hippocampus and that this is associated with an increased response to LPS in this region relative to control-fed responses, and also that cellular populations additional to microglia may be important for these responses. In our attempts to reverse the neonatal overfeeding-induced microglial effects,
we also revealed that our neonatal injection protocol, regardless of whether with minocycline or with saline, strongly suppressed microglial number and density without reversing any of the metabolic effects of neonatal overfeeding. Although the mechanism behind the impact of neonatal injection on microglia remains to be determined, it does not appear to be explained by an effect on HPA axis function. These findings have significant implications for all studies employing injection protocols in neonatal experimental animals and raise interesting questions about the impact of various stimuli on neonates in general.
